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A 25-replicate, 100-tree experiment was conducted in the summer and early fall of 2006 to evaluate a new sponge-based verbenone pouch developed during the past winter.  If shown to be effective and durable, the intent was to replace the current polyurethane-based pouch with the new sponge-based pouch.

Experimental Procedure 
The experiment was set up as 25 randomized complete blocks on 25 July in Weyerhaeuser Canada’s Block No. SUM001 on the Ketchan Road between Princeton and Aspen Grove.  There were four treatments on individual trees within each replicate: 1) untreated control tree (negative control), 2) pheromone-baited tree using Pherotech’s commercial trans-verbenol + exo-brevicomin bait (positive control), 3) pheromone bait + old polyurethane verbenone pouch with 4.65 g of verbenone, and 4) pheromone bait + new sponge verbenone pouch with 7.00 g of verbenone.  Trees were selected within 10 m of  nine compass lines run through the forest, with at least 25 m between trees and 50 m between lines.  Each tree was painted with a number, and its diameter at breast height (dbh = 1.3 m) measured.  Baits were stapled to the north face of trees at maximum reach from the ground.  Verbenone pouches were stapled next to the baits.   

The experiment was evaluated on 26 September (replicates 1-8) and 29 September  (replicates 9-25).  Trees were evaluated as: 

1) free of attack,

2) attacked but not mass attacked (few pitch tubes, no frass accumulation in bark  crevices and around the root collar, not likely to die), or

 3) mass-attacked (attack density >31.25 attacks per m2, or copious amounts of accumulated frass, likely to die).  

Attack density was measured in two 20 x 40 cm panels at eye level on the east and west face of trees that were attacked.  All trees with dbh >17.5 cm within a 5 m radius around each treatment trees were also evaluated as free of attack, attacked but not mass-attacked or mass-attacked.
Eleven new verbenone pouches were retrieved on 29 September and taken to Pherotech where they were held frozen pending determination of residual verbenone by Soxhlet extraction.  This was completed on 26 October 2006.  

Results

Trees within each treatment category all had similar dbh, ranging from 20.1 cm to 43.3 cm.  

One untreated control tree was not found, and one tree from which the old verbenone pouch had fallen off was discounted.  The percentages of treatment trees according to attack category were as in Table 1.  All but one pheromone-baited tree was mass-attacked, and would be likely to die, as were 29.2% of untreated control trees.  Trees treated with the old verbenone pouch were attacked at a much lower rate than pheromone-treated control trees.  Two trees treated with the old verbenone pouch were mass-attacked (8.3%), and five old verbenone trees were attacked.  Overall, the percentages of total attacked trees in the old verbenone and untreated control trees were identical at 33.3%.  

In contrast, only four trees treated with the new verbenone pouch were attacked (16.7%), and none were mass-attacked.  The attack on all four trees was very low, amounting to only 1-4 pitch tubes.  Not only was attack on trees treated with the new verbenone pouch less than on pheromone-baited trees, but it was also lower than on unbaited control trees.  There was no sign of undue wear on the new pouch. 

Table 1.  Comparison of percentages of treatment trees in attacked and mass-attacked categories, and the percentage total attacked (attacked + mass-attacked).

Treatment
No. trees       % Attacked    % Mass-attacked
       % Total attacked

Unbaited
  24
            4.2
          29.2

         33.3 

control

Pheromone
  25
            0.0
          96.0

          96.0

baited 
Old

  24
            25.0
           8.3

          33.3

Verbenone
with bait

New

  25
            16.7
           0.0

          16.7

Verbenone

with bait









      

Attack on trees within 5 m of treatment trees mirrored that on the treatment trees (Table 2).  As expected, attack on trees surrounding pheromone-baited trees was substantial, reflecting the ability of the baits plus the pheromone produced by successfully attacking beetles to concentrate attack around a focus tree.  The lesser attack around unbaited control trees reflects the lack of a pheromone bait to concentrate that attack.

Attack around trees treated with the old verbenone pouch was substantially lower than around both pheromone-baited and untreated control trees, but it was even lower around trees treated with the new verbenone pouch, amounting to just 13.5% overall.

Table 2.  Comparison of percentages of available trees >17.5 cm dbh within 5 m of treatment trees that were in attacked and mass-attacked categories, and the percentage total attacked (attacked + mass-attacked).

Treatment         No. trees       % Attacked     % Mass-attacked      % Total attacked

Unbaited             124                9.7                  20.2                           29.8               

control

Pheromone          161                14.9                36.0                           50.9

baited

Old                      124                 10.5                8.1                             18.5    

Verbenone
with bait

New                     141                 6.4                  7.1                             13.5

Verbenone

with bait









 
Over the 67-day period during which the new pouches were exposed in the field, the mean daily temperatures at the nearest weather station at Princeton were as follows: maximum 25.98°C, minimum 7.38°C and mean 16.66°C.  On average, the eleven retrieved pouches contained 4.50 ± 0.15 g (mean ± SD).  Therefore, the new pouches released a mean of 2.5 g of verbenone over the 67-day period.  The daily release rate at 16.66°C would then have been 37.31 mg per pouch.  Thus at 10 m spacing (100 pouches per ha) the release rate per ha would have been 3.73 g per ha per day, and at the more commonly recommended 15 m spacing (44.4 pouches per ha) the release rate would have been 1.66 g per ha per day.
Discussion

The high level of mass-attack on pheromone-baited control trees and on trees surrounding them is indicative of a substantial population that would have adequately challenged the verbenone-treated trees.

Our results confirm that verbenone is an effective deterrent to attack by the mountain pine beetle.  Additionally, one might expect attack to have been even lower had pheromone baits not been used to challenge the beetles to attack the treated trees and those around them.
It was evident that a 7 g load would not have been needed to cover the 67-day exposure period near Princeton in 2006.  Even if the pouches had been deployed in May, a 5 g load would possibly have been sufficient.  However, in warmer conditions, e.g. in the Okanagan Valley, the full 7 g load would probably be required to avoid the necessity and cost of replacing the pouches in mid-summer.  

Our experimental determination for the new sponge-based pouch with a 7 g load in a controlled-environment chamber at 20°C indicates a fairly constant release rate between 40 and 60 mg per day per pouch for over 120 days.  Therefore, a 7 g load extends the longevity, but does not affect the release rate.  In contrast, under the same conditions, the old polyurethane-based pouch with a 4.65 g pheromone load releases at a rate of 80 mg per day at first, but declines rapidly to 20 mg per day after 80 days.  Thus the release rate characteristics of the new pouch are far superior to those of the old pouch.  

In a related study we compared the release rate characteristics of our new pouch to those of a similar pouch sold by a competitor, and widely used in the USA by the US Forest Service.  The competitor’s pouch had a much lower release rate than our new pouch.  Therefore, it might be recommended for use in very hot climates, such as occur in the southern USA, but would not be suitable for the somewhat cooler climate of southern BC..and mean 16.66s follows: ring which the pouches were exposed in the field, the temperatures at the nearest weather station at 
Conclusion

We conclude that the new sponge-based verbenone pouch is at least as efficacious as the old polyurethane-based pouch, and that it is also more effective.

Recommendations

1. We recommend that Pherotech replace the old polyurethane-based verbenone pouch with the new sponge-based pouch.
2. Replacement should occur no later than 31 January 2007, so that the new pouch is available to customers for the 2007 field season.

3. Adaptation of the manufacturing process should begin as soon as possible, so as to accommodate the schedule for replacement.

4. A submission should be made to PMRA as soon as possible to obtain approval for conversion to the new pouch.  This should go rapidly, because the contentious polyurethane carrier is being replaced by a simple household sponge. 

Prepared by John H. Borden, PhD, RPF, RPBio, FRSC, Chief Scientific Officer, Pherotech International Inc.  For further information, call 604 940 9944 or e-mail at johnb@pherotech.com.   
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